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Long  Term  Goal 

The  long  term  goal  of  this  project  was  to  investigate  the  coupling  between  waves,  breaking-wave 
driven  circulation,  and  morphological  evolution  near  the  shore.  Accurate,  detailed  predictions  of 
wave  properties  in  the  nearshore  given  the  incident  wave  conditions  and  local  bathymetry  were 
obtained  to  allow  for  simulation  of  the  forcing  mechanisms  in  models  that  couple  wave-driven 
flows,  sediment  transport,  and  changing  bathymetry.  For  the  last  several  years  efforts  have  been 
focussed  on  analyzing  wave,  current,  and  morphological  observations  made  in  the  Duck94  and 
SandyDuck  field  experiments  conducted  near  Duck,  NC. 

Analysis  ofDuck94  Observations 

One-dimensional  Boussinesq  shoaling  wave  models  have  been  compared  with  observations  made 
on  the  cross-shore  transect  of  the  Duck94  pilot  experiment.  The  momentum  balance  described  by 
the  shallow  water  equations  was  verified  by  comparison  with  mean  longshore  currents  observed 
along  the  Duck94  transect.  A  ID  morphological  evolution  model  was  shown  to  predict  the  offshore 
sandbar  migration  observed  in  Duck94.  Near-bed  fluid  accelerations  were  shown  to  be  important 
to  onshore  bar  migration. 

Analysis  of  SandyDuck  Observations 

The  evolution  of  waves,  currents,  and  bathymetry  on  a  natural  beach  was  observed  during  the 
SandyDuck  field  experiment  on  the  North  Carolina  coast.  Pressure  gages,  current  meters,  and  sonar 
altimeters  were  deployed  between  July  and  December  1997  on  a  two-dimensional  grid  extending 
370  m  from  near  the  shoreline  to  about  5  m  water  depth  and  spanning  200  m  along  the  coast.  The 
grid  was  large  enough  to  sample  significant  bathymetric  inhomogeneities  and  their  effects  on  wave 
evolution  and  circulation.  Data  return  was  greater  than  98%.  Significant  processing  was  performed 
in  near-real  time,  and  maps  of  nearshore  wave  heights  and  directions,  bathymetry,  mean  flows, 
and  setup  every  3  hours  for  120  days  have  been  produced.  The  spatially  extensive  instrument 
arrays  allow  quantitative  investigations  of  sea  and  swell,  edge  waves,  shear  waves,  alongshore 
inhomogeneous  circulation,  and  changing  morphology. 

A  Boussinesq  model  for  the  nonlinear  evolution  of  nonbreaking,  directionally  spread  waves  is 
being  tested  by  comparison  with  the  array  observations.  The  model  is  initialized  with  wave  direc¬ 
tional  spectra  estimated  from  pressure  sensor  array  data  acquired  in  8-m  water  depth,  and  model 
predictions  compared  with  wave  observations  at  shallower  depths.  Nonlinear  Boussinesq  theory 
predicts  accurately  the  observed  wavenumbers. 

A  cross-shore  transect  of  buried  (to  avoid  flow-induced  pressures)  pressure  gages  provides  esti¬ 
mates  of  the  wave-breaking  induced  setup.  The  observations  are  being  compared  with  models  for 
setup  and  with  the  corresponding  offshore  directed  near-bottom  flows  (undertow). 
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During  this  project  several  small  field  experiments  were  conducted.  Acoustic  and  electromagnetic 
current  meters  were  deployed  in  8  m  depth  at  the  end  of  the  Scripps  pier  in  July  1998  and  in 
the  surfzone  near  the  Scripps  pier  in  October  1998.  Results  from  these  deployments  suggest  that 
acoustic  doppler  velocimeters  perform  well  in  the  nearshore  and  surfzone.  A  manuscript  describing 
the  results  is  in  preparation. 


2 


ONR-Sponsored  Refereed  Publications  for  this  Project  (1994-1999) 


Chandran,  V.  and  Steve  Elgar,  1994  A  general  procedure  for  the  derivation  of  principal  domains  of 
higher-order  spectra,  IEEE  Signal  Processing  42,  229-233. 

Chandran,  V.,  Steve  Elgar,  and  B.  Vanhoff,  1994  Statistics  of  tricoherence  IEEE  Signal  Processing 
42,  3430-3440. 

Herbers,  T.H.C.,  Steve  Elgar,  and  R.T.  Guza,  1994  Infragravity-frequency  (0.005-0.05  Hz)  motions 
on  the  shelf,  Part  I:  Local  nonlinear  forcing  by  surface  waves,  J.  Physical  Oceanography  24,  917— 
927. 

Elgar,  Steve,  T.H.C.  Herbers,  and  R.T.  Guza,  1994  Reflection  of  ocean  surface  gravity  waves  from 
a  natural  beach,  J.  Physical  Oceanography  24,  1503-1511. 

Herbers,  T.H.C.,  Steve  Elgar,  R.T.  Guza,  and  W.C.  O’Reilly,  1995  Infragravity-frequency  (0.005- 
0.05  Hz)  motions  on  the  shelf,  Part  II:  Free  Waves,  J.  Physical  Oceanography  25,  1063-1079. 

Elgar,  Steve,  T.H.C.  Herbers,  V.  Chandran,  and  R.T.  Guza,  1995  Higher-order  spectral  analysis  of 
nonlinear  ocean  surface  gravity  waves,  J.  Geophysical  Research  100,  4977-4983. 

Raubenheimer,  B.,  R.T.  Guza,  Steve  Elgar,  and  N.  Kobayashi,  1995  Swash  on  a  gently  sloping 
beach,  J.  Geophysical  Research  100,  8751-8760. 

Herbers,  T.H.C.,  Steve  Elgar,  and  R.T.  Guza,  1995  Generation  and  propagation  of  infragravity 
waves,  J.  Geophysical  Research  100,  24,863-24,872. 

Gallagher,  Edith,  B.  Boyd,  Steve  Elgar,  R.T.  Guza,  B.T.  Woodward,  1996  Performance  of  a  sonar 
altimeter  in  the  nearshore,  Marine  Geology  133,  241-248. 

Raubenheimer,  B.,  R.T.  Guza,  and  Steve  Elgar,  1996  Wave  transformation  in  the  inner  surf  zone, 
J.  Geophysical  Research  101,  25,589-25,597. 

Vanhoff,  B.  and  Steve  Elgar,  1997  Simulating  quadratically  nonlinear  random  processes,  Interna¬ 
tional  J.  Bifurcation  and  Chaos  7,  1367-1374. 

Vanhoff,  B.,  Steve  Elgar,  and  R.T.  Guza,  1997  Numerically  simulating  nonGaussian  sea  surfaces, 
ASCE  J.  Waterway,  Port,  Coastal,  and  Ocean  Engineering  123,  68-72. 

Elgar,  Steve,  R.T.  Guza,  B.  Raubenheimer,  T.H.C.  Herbers,  Edith  Gallagher,  1997  Spectral  evo¬ 
lution  of  shoaling  and  breaking  waves  on  a  barred  beach,  J.  Geophysical  Research  102,  15,797- 
15,805. 

Elgar,  Steve,  T.H.C.  Herbers,  and  R.T.  Guza,  1997  Nearshore  Observations  of  Nonlinear  Ocean 
Surface  Gravity  Waves,  Naval  Research  Reviews  48,  41-52  (INVITED). 

Chen,  Yongze,  R.T.  Guza,  and  Steve  Elgar,  1997  Modeling  breaking  surface  waves  in  shallow 
water,  J.  Geophysical  Research  102,  25,035-25,046. 

Gallagher,  Edith,  Steve  Elgar,  and  R.T.  Guza,  1998  Observations  of  Sand  Bar  Evolution  on  a 
Natural  Beach,  J.  Geophysical  Research  103,  3203-3215. 


3 


Raubenheimer,  B.,  Steve  Elgar,  and  R.T.  Guza,  1998  Estimating  wave  heights  from  pressure  mea¬ 
sured  in  a  sand  bed,  ASCE  J.  Waterway,  Port,  Coastal,  and  Ocean  Engineering  124,  151-154. 

Feddersen,  Falk,  R.T.  Guza,  Steve  Elgar,  and  T.H.C.  Herbers,  1998  Alongshore  momentum  bal¬ 
ances  in  the  nearshore,  J.  Geophysical  Research  103,  15,667-15,676. 

Norheim,  C.,  T.H.C.  Herbers,  and  Steve  Elgar,  1998  Nonlinear  evolution  of  surface  wave  spectra 
on  a  beach,  J.  Physical  Oceanography  28,  1534-1551. 

Gallagher,  Edith,  Steve  Elgar,  and  E.B.  Thornton,  1998  Megaripple  migration  in  a  natural  surfzone, 
Nature  394,  165-168. 

Elgar,  Steve,  B.  Vanhoff,  L.  Aguirre,  U.  Freitas,  and  V.  Chandran,  1998  Higher-order  spectra  of 
nonlinear  polynomial  models  for  Chua’s  circuit.  International  J.  Bifurcation  and  Chaos  8,  2425- 
2431. 

Herbers,  T.H.C.,  Steve  Elgar,  and  R.T.  Guza,  1999  Directional  spreading  of  waves  in  the  nearshore, 
J.  Geophysical  Research  104,  7683-7693. 

Lentz,  Steve,  R.T.  Guza,  Steve  Elgar,  Falk  Feddersen,  and  T.H.C.  Herbers,  1999  Momentum  bal¬ 
ances  on  the  North  Carolina  inner  shelf,  J.  Geophysical  Research,  104,  18205-18226. 

Raubenheimer,  B.,  R.T.  Guza,  and  Steve  Elgar,  1999  Tidal  watertable  fluctuations  in  a  sandy  ocean 
beach,  Water  Resources  Research  35,  2313-2320. 

Herbers,  T.H.C.,  N.R.  Russnogle,  and  Steve  Elgar,  2000  Spectral  energy  balance  of  breaking  waves 
within  the  surf  zone,  J.  Physical  Oceanography,  in  press. 

Feddersen,  Falk,  R.T.  Guza,  Steve  Elgar,  and  T.H.C.  Herbers,  2000  Alongshore  bottom  stress 
parameterizations,  J.  Geophysical  Research,  in  press. 

Elgar,  Steve,  R.T.  Guza,  W.C.  O’Reilly,  B.  Raubenheimer,  T.H.C.  Herbers,  1999  Observations  of 
wave  energy  and  direction  near  a  pier,  ASCE  J.  Waterway,  Port,  Coastal,  and  Ocean  Engineering, 
in  press. 

Elgar,  Steve,  Edith  Gallagher,  and  R.T.  Guza,  2000  Nearshore  Sand  Bar  Migration,  Nature,  sub 
judice. 

Herbers,  T.H.C,  Steve  Elgar,  N.A.  Sarap,  and  R.T.Guza,  2000,  Dispersion  Properties  of  Surface 
Gravity  Waves  in  Shallow  Water,  J.  Fluid  Mech.,  sub  judice, 

ONR-Sponsored  Proceedings  and  Conference  Presentations 

Burnet,  T.,  E.  Gallagher,  M.  Okihiro,  B.  Raubenheimer,  R.  Whitsel,  B.  Vanhoff,  S.  Elgar,  and  B.T. 
Werner,  Field  observations  of  beach  cusp  formation,  Eos  Trans.  AGU  75,  336,  1994. 

Evangelidis,  D.,  T.  H.  C.  Herbers,  P.  F.  lessen,  S.  Elgar,  W.  C.  O’Reilly,  and  R.  T.  Guza,  Wave 
propagation  across  the  continental  shelf.  2.  Infragravity  waves,  Eos  Trans.  AGU  76,  281,  1995. 

Gallagher,  E.  L.,  S.  Elgar,  and  R.  T.  Guza,  Observations  and  predictions  of  sand  bar  motion  during 


4 


Duck94,  Eos  Trans.  AGU 76,  282,  1995. 


Fedderson,  F.,  R.  T.  Guza,  S.  Elgar,  and  T.  H.  C.  Herbers,  Observations  of  longshore  current  in 
Duck94/CooP,  Eos  Trans.  AGU 76,  282,  1995. 

Elgar,  S.,  R.  T.  Guza,  B.  Raubenheimer,  T.  H.  C.  Herbers,  and  E.  Gallagher,  Observations  of  wave 
evolution  during  Duck94,  Eos  Trans.  AGU  76,  282,  1995. 

Raubenheimer,  B.,  R.  T.  Guza,  and  S.  Elgar,  Wave  transformation  in  the  surf  zone,  Eos  Trans. 
AGU  76,282,1995. 

Gallagher,  E.,  S.  Elgar,  and  R.  T.  Guza,  Observations  of  migrating  megaripples,  Eos  Trans.  AGU 
77,  387,  1996. 

Vanhoff,  B.,  S.  Elgar,  and  R.  T.  Guza,  Numerically  simulating  nonGaussian  sea  surfaces,  Eos 
Trans.  AGU  77,  394,  1996. 

Raubenheimer,  B.,  S.  Elgar,  and  R.  T.  Guza,  Wave  attenuation  in  a  sand  bed,  Eos  Trans.  AGU  77, 
403,  1996. 

Burnet,  T.,  Werner,  B.,  and  S.  Elgar,  Effect  of  tides  on  beach  cusp  formation,  Eos  Trans.  AGU  77, 
387,  1996. 

Chen,  Y.,  R.T.  Guza,  and  S.  Elgar,  Modeling  breaking  surface  gravity  waves  in  shallow  water,  Eos 
Trans.  AGU  77,  393,  1996. 

Herbers,  T.H.C.,  S.  Elgar,  and  R.T.  Guza,  Directional  spreading  of  shoaling  and  breaking  waves, 
Eos  Trans.  AGU  77,  400,  1996. 

Norheim,  C.,  T.H.C.  Herbers,  and  S.  Elgar,  A  stochastic  model  for  shoaling  waves,  Eos  Trans. 
AGU  77,400,1996. 

Werner,  B.,  T.  Burnet,  and  S.  Elgar,  Swash  flow  patterns  coincident  with  beach  cusp  formation, 
Eos  Trans.  AGU  77,  420,  1 996. 

Feddersen,  F.,  R.T.  Guza,  S.  Elgar,  and  T.H.C.  Herbers,  Surfzone  bottom  stress  parameterizations, 
Eos  Trans.  AGU  78,  332,  1997. 

Elgar,  S.,  W.  O’Reilly,  B.  Raubenheimer,  R.T.  Guza,  and  T.H.C.  Herbers,  Pier  effects  on  wind 
waves,  Eos  Trans.  AGU  79,  401,  1998. 

Feddersen,  F.,  R.T.  Guza,  S.  Elgar,  and  T.H.C.  Herbers,  Alongshore  bottom  stress  parameteriza¬ 
tions,  Eos  Trans.  AGU  79,  423,  1998. 

Sheremet,  A.,  R.T.  Guza,  S.  Elgar,  and  T.H.C.  Herbers,  Weakly  dispersive  edge  waves,  Eos  Trans. 
AGU  79, 401,  1998. 

Noyes,  T.J.,  R.T.  Guza,  S.  Elgar,  and  T.H.C.  Herbers,  Observations  of  shear  waves  in  the  surf  zone, 
Eos  Trans.  AGU  79,  400,  1998. 

Elgar,  S.,  E.  Gallagher,  and  R.T.  Guza,  Onshore  Sandbar  Migration,  Eos  Trans.  AGU  80,  1999. 
Raubenheimer,  B.,  R.T.  Guza,  and  Steve  Elgar,  Observations  and  predictions  of  set  up,  Eos  Trans. 


5 


AGU  80,  1999. 


E.  Gallagher,  A.,  and  Steve  Elgar,  Observations  and  predictions  of  megaripple  heights,  Eos  Trans. 
AGU  80,1999. 

Feddersen,  F.,  E.  Gallagher,  Steve  Elgar,  and  R.T.Guza,  Bottom  roughness  and  drag  coefficients, 
Eos  Trans.  AGU  80,  1999. 

Herbers,  T.  H.  C.,  S.  Elgar,  and  R.  T.  Guza,  1994  Longterm  array  observations  of  surface  waves, 
Coastal  Dynamics  ’94,  Barcelona,  249-25 1 . 

Fedderson,  F.,  R.  T.  Guza,  S.  Elgar,  and  T.  H.  C.  Herbers,  1995  Observations  of  nearshore  currents 
in  Duck  94,  Coastal  Dynamics  ’95,  973-982.  Gdansk,  38-39. 

Gallagher,  E.,  S.  Elgar,  and  R.  T.  Guza,  1 995  Observations  of  bathymetric  evolution  during  Duck94, 
Coastal  Dynamics  ’95,  Gdansk,  46-50. 

Herbers,  T.  H.  C.,  M.  C.  Burton,  S.  Elgar,  and  R.  T.  Guza,  1995  Directional  spreading  effects  on 
shoaling  waves,  Coastal  Dynamics  ’95,  Gdansk,  62-63. 

Thornton,  E.,  C.  Soares,  A.  Faria,  T.  Lippmann,  T.  Stanton,  R.  Guza,  and  S.  Elgar,  1995  Vertical 
structure  of  mean  current  profiles  over  a  barred  beach,  Coastal  Dynamics  ’95,  Gdansk,  215-220. 

Gallagher,  E.  L.,  S.  Elgar,  and  R.  T.  Guza,  1996  Observations  and  predictions  of  sand  bar  motion, 
25th  Inti.  Conf.  on  Coastal  Engineering,  Amer.  Soc.  Civil  Eng.,  Orlando,  78-79. 

Fedderson,  F.,  R.  T.  Guza,  S.  Elgar,  and  T.H.C.  Herbers,  1996  Cross-shore  structure  of  longshore 
currents  during  Duck94,  25th  Inti.  Conf.  on  Coastal  Engineering,  Amer.  Soc.  Civil  Eng.,  Orlando, 
418-419. 

Feddersen,  F.,  R.T.  Guza,  and  S.  Elgar,  1997  Investigating  nearshore  circulation  using  inverse 
methods,  Proc.  of  Coastal  Dynamics  ’97,  Plymouth,  ASCE. 

Raubenheimer,  B.,  R.T.  Guza,  and  S.  Elgar,  1998  Observations  and  predictions  of  water  table 
fluctuations  in  a  natural  beach,  26th  Inti.  Conf.  on  Coastal  Engineering,  Amer.  Soc.  Civil  Eng., 
Copenhagen,  in  press. 

Raubenheimer,  B.,  and  Steve  Elgar,  2000  Where  the  Surf  Meets  the  Turf,  Duck,  NC,  Oceanus  42, 
24-27. 


6 


•V 


Statistics 

29  Papers  published/in  press,  refereed  journals 
34  Proceedings/conference  presentations 
2  Undergraduate  students  supported 
4  Graduate  students  supported 
2  Post-docs  supported 
0  Other  professional  personnel  supported 
EEO/Minority  Support 

2  Female  undergrad  student 
1  Female  grad  student 
0  Minority  grad  students 
1  Asian  grad  students 
0  Female  post-docs 
0  Minority  post-docs 
1  Asian  post-doc 


7 


